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Abstract 

Background: Common carotid intima media thickness (CIIVIT) and anl<le bracliial pressure index (ABPI) are used as surrogate 
marker of atherosclerosis, and have been shown to correlate with arterial stiffness, however their correlation with global 
atherosclerotic burden has not been previously assessed. We compare CIIVIT and ABPI with atheroma burden as measured 
by whole body magnetic resonance angiography (WB-IVIRA). 

Methods: 50 patients with symptomatic peripheral arterial disease were recruited. CIIVIT was measured using ultrasound 
while rest and exercise ABPI were performed. WB-MRA was performed in a 1.5T MRI scanner using 4 volume acquisitions 
with a divided dose of intravenous gadolinium gadoterate meglumine (Dotarem, Guerbet, FR). The WB-MRA data was 
divided into 31 anatomical arterial segments with each scored according to degree of luminal narrowing: 0 = normal, 1 =< 
50%, 2 = 50-70%, 3 = 70-99%, 4 = vessel occlusion. The segment scores were summed and from this a standardized 
atheroma score was calculated. 

Results: Ihe atherosclerotic burden was high with a standardised atheroma score of 39.5±n. Common CIIVIT showed a 
positive correlation with the whole body atheroma score (P 0.32, p = 0.045), however this was due to its strong correlation 
with the neck and thoracic segments (P 0.42 p = 0.01) with no correlation with the rest of the body. ABPI correlated with the 
whole body atheroma score (P —0.39, p = 0.012), which was due to a strong correlation with the ilio-femoral vessels with no 
correlation with the thoracic or neck vessels. On multiple linear regression, no correlation between CIIVIT and global 
atheroma burden was present (P 0.13 p = 0.45), while the correlation between ABPI and atheroma burden persisted (P — 
0.45 p = 0.005). 

Conclusion: ABPI but not CIMT correlates with global atheroma burden as measured by whole body contrast enhanced 
magnetic resonance angiography in a population with symptomatic peripheral arterial disease. However this is primarily 
due to a strong correlation with ilio-femoral atheroma burden. 
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introduction 

Common carotid intima media thickness (CIMT), ankle 
brachial pressure index (ABPI) and whole body magnetic 
resonance angiograpliy (WB-MRA) are all markers of atheroscle- 
rosis. 



Common carotid intima media thickness is a measure of early 
atherosclerosis and vascular remodelling which correlates highly 
with standard cardiovascular risk factors. This has been acknowl- 
edged by the FDA who have approved it as a marker of 
atherosclerosis [1]. A reduction of CIMT thickness to lipid 
lowering agents has also been shown [2,3]. These factors have led 
to the conclusion that it meets the criteria as a surrogate for CV 
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disease endpoiiits [4,5], and can therefore be used as a primary 
outcome in clinical trials to allow for more rapid assessment and 
development of more effective treatments at lower cost [3,6]. 
However its success in predicting risk of future cardiovascular 
events has been mixed with a recent meta-analysis showing it to 
add litde benefit over the Framingham risk score in predicting 
fiiture cardiovascular events [1,7-9]. Additionally while some 
studies have shown good response of CIMT with statins, the 
ENHANCE trial showed a rise in CIMT with statins and 
ezetemide despite improved biochemical markers [3,10]. 

The ankle brachial pressure index has primarily been used for 
the diagnosis and foUow-up of lower extremity arterial disease, and 
has been shown to correlate with future cardiovascular events in 
groups with and without established peripheral arterial disease 
[11]. Thus this has been suggested as a surrogate marker for 
systemic atherosclerosis [12]. 

Whole body contrast-enhanced magnetic resonance angiogra- 
phy provides visualisation of the arterial tree from the skull vertex 
to the pedal arteries following the intravenous injection of a 
gadolinium based contrast agent. It can be used to quantify 
atheroma burden by scoring and summating the extent of stenosis 
in the arterial territories of the entire body [13]. As atherosclerosis 
is a body wide process, an advantage of WB-MRA is that both 
symptomatic and asymptomatic lesions throughout the arterial 
tree can be detected and quantified, potentially providing more 
information about future vascular risk. Studies have shown WB- 
MRA to produce reproducible high quality images of the arterial 
tree [14—16], and that the extent of atherosclerosis demonstrated 
on WB-MRA correlates with traditional Framingham risk factors, 
severity of coronary artery disease and prediction of major adverse 
cardiovascular events (MACE) [13,17-19]. 

To better understand the role of common CIMT and ABPI as 
markers of global atherosclerosis, it is important to know what 
features of atherosclerosis they accurately reflect. CIMT has been 
shown to correlate highly with arterial stiffness but not endothelial 
function [20], while ABPI has been shown to correlate with aortic 
stiffness and weakly with endothehal dysfunction [21,22]. While 
studies have looked into the relationship between coronary 
angiography findings and CIMT [23,24], and ABPI [25,26], the 
correlation between these and an objective measurement of the 
global stenotic atheroma burden throughout the body has not 
been reported. Therefore we set out to assess the correlation 
between CIMT and ABPI and whole body atheroma burden as 
demonstrated on WB-MRA. 

Methodology 

Ethical approval was granted by the East of Scotland Research 
Ethics Committee. Fifty consecutive patients with symptomatic 
peripheral artery disease referred for magnetic resonance angiog- 
raphy of their lower limbs were recruited to the study with written 
informed consent obtained from all participants. Disease severity 
was classified using the Fontaine scoring system. All patients 
underwent WB-MRA, ankle-brachial pressure index (ABPI), 
exercise tolerance testing, and CIMT measurement. These were 
performed on the same day, with the operators and image readers 
bhiided to the patients' chnical status and results of the other tests. 

WB-MRA 

Each patient underwent whole body contrast enhanced MRI 
angiography using a 1.5T MRI unit (Siemens Magnetom Avanto 
Erlangen, Germany). Patients were imaged head first and supine 
in the magnet bore, with surface coils used to cover the entire 
body, using separate head matrix, neck matrix, spine matrix, two 



body matrix coils and a peripheral angiogxaphy coH. 4 stations 
were imaged: station 1 covered the vessels of the head and neck; 
station 2 the vessels of the abdomen; station 3 the upper legs; and 
station 4 the lower legs. (See Figure 1) Each station was acquired 
using a 3D TurboFLASH sequence pre and post contrast, Table 1 
describes the acquisition parameters used for each of the four 
stations. 0.05M Intravenous gadolinium gadoterate meglumine 
(Dotarem, Guerbet, FR) was administered via a 20G venflon in 
the antecubital fossa using a two-injection contrast technique. 
Each injection involved a 20 ml bolus of contrast followed by 
20 mis of normal saline at 1 ml/s by an injector pump. Prior to 
the first injection, pre-contrast images were acquired of station 1 
and 4. After this the first injection was administered a Care bolus 
sagittal-oblique fluoroscopic image through the aortic arch was 
used to manually trigger image acquisition as contrast reached the 
aortic arch. Following acquisition of station 1 , station 4 acquisition 
immediately began. Three sequential TurboFLASH sequences 
were performed of station 4 to optimise acquisition of peak 
contrast enhancement of the calf vessels. A 10 minute delay 
occurred between the end of image acquisition and the second 
contrast injection to allow contrast washout and minimise venous 
contamination [27]. After the second injection of contrast, a Care 
bolus coronal oblique fluoroscopic image was used to guide 
triggering, starting image acquisition for station 2 when contrast 
reached the proximal abdominal aorta. TurboFLASH sequence of 
station 3 was acquired immediately following this. 

The resulting images were analysed by dividing the arterial tree 
into 3 1 distinct anatomical segments. See figure 1 for a description 
of the stations and anatomical segments. All images were analysed 
using the raw data, with the aid of multiplanar reformats and 
maximum intensity projections on a Kodak Carestream worksta- 
tion (PACS Client Suite Version 10.1 spl, Rochester, NY, USA). 
Each segment was scored using a 5-point scoring system: 

• 0: Normal vessels 

• 1: <50% stenosis 

• 2: 50-70% stenosis 

• 3: >70% stenosis 

• 4: Completely occluded vessel 

Each segment was scored according to the maximum stenosis 
present at any point along the length of the vessel. Arterial 
segments that were not visualised with sufficient clarity for grading 
of the degree of stenosis were not analysed. To account for this, the 
final score was divided by the number of segments that had been 
successfully analysed to produce a normahsed whole body 
atheroma score. The 'standardised atheroma score' (SAS) was 
calculated using equation [1]; standardisation was achieved by 
dividing by the maximum potential vessel score of 4. 



SAS-- 



MRAscore 



^4 



X 100 



For regional atheroma assessment the arterial tree was split into 
4 distinct regions with a standardised atheroma score calculated 
for each of these: 

Thoracic — Carotids, vertebrals, subclavians, brachiocephalic 
and thoracic aorta; 

Abdominal — Abdominal aorta, coeliac, superior and inferior 
mesenteric arteries and renal arteries; 

Pelvic/ thighs - Iliacs, femoral and femoral profundas; 
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Station 1 

Rt and Lt Vertebral arteries 

Rt and Lt Internal carotid arteries 

Rt and Lt Common carotid arteries 

Rt and Lt Subclavian arteries 

Brachiocephalic artery 

Aortic arch 

Descending thoracic aorta 



Station 2 



Abdominal aorta 
Coeliac artery 
Superior mesenteric artery 
Inferior Mesenteric artery 
Rt and Lt Renal arteries 
Rt and Lt Iliac arteries 



Station 3 

Rt and Lt Femoral arteries 

Rt and Lt Produnda femoris arteries 



Station 4 

Rt and Lt Popliteal arteries 
Rt and Lt Anterior tibial arteries 
Rt and Lt Posterior tibial arteries 
Rt and Lt Peroneal arteries 



Figure 1. Diagram of the whole body magnetic resonance angiography stations and arterial segments. Maximum Intensity projection 
Image derived from the whole body angiogram from a typical patient In the study lies on the far left. To the right of this are the 4 overlapping 3D 
volume acquisitions acquired with a breakdown of the 31 arterial segments according to which station they are acquired In. 
dol:10.1371/journal.pone.0099190.g001 



Lower limb - Popliteals, anterior tibials, posterior tibials and 
peroneals. 

Carotid Intima Media Thickness 

Ultrasound imaging of the common carotid artery (CCA) was 
acquired using an Acuson Sequoia with a 6 MHz Linear 
transducer. All scans were performed by a single operator. For 



the measurements the patient was lying supine on the couch. The 
participant was rested for at least 10 minutes in a supine position 
and at an environmental temperature of 25°C before any 
measurements were taken. A plastic arch with degrees of 
angulation marked on it was placed around the neck. The head 
was slightly extended and held in a straight position. The common 
carotid artery (CCA) was assessed from the clavicle to the bulb 



PLOS ONE I www.plosone.org 



3 



June 2014 | Volume 9 | Issue 6 | e99190 



CIMT and ABPI Correlate with Local but Not Global Atheroma Burden 
Table 1. The different sequence parameters used for the 4 stations of WB-MRA. 



Parameter 


Station 1 


Station 2 


Station 3 


Station 4 


Repetition Time (ms) 


3.15 


3.23 


3.23 


3.23 


Echo Time (ms) 


1.06 


1.1 


1.08 


1.1 


Flip angle (°) 


25 


25 


25 


25 


Bandwidth (Hz/px) 


450 


450 


450 


450 


Field of View 


500x375 


500x335 


500x335 


500x335 


Number of slices 


104 


80 


80 


72 


Matrix 


384x307 


384x345 


384x326 


384x345 


Voxel size (mm^} 


1.3x1.2x1.2 


1.3x1.0x1.4 


1.3x1.0x1.4 


1.3x1.0x1.4 


GRAPPA factor 


2 


2 


2 


2 


k-space ordering 


centric 


linear 


centric 


Centric 


Imaging Time (s) 


18 


16 


16 


46 



doi:l 0.1 371 /journal.pone.00991 gO.tOOl 



both in transverse and longitudinal section. In order to provide 
reproducibility the CCA was assessed at a point 1 cm central to 
the bulb in the longitudinal position. An image was deemed 
acceptable if a length of greater than 1 cm of continuous IMT 
could be visualised. The angle of the transducer to the skin at this 
point was recorded using the plastic arch. Images were recorded 
continuously for 10 seconds, stored in the DICOM (Digital 
Imaging and Communications in Medicine) file format, and 
subsequently analysed using the Vascular Tools Carotid Analyzer 
for Research software (Medical Imaging Applications LLC, 
CoralvUle, USA). The IMT of the far wall was measured using a 
semi-automatic technique. A user-defined region of interest was 
selected in a 10 mm segment of the distal wall of the common 
carotid artery 10 mm central to the bulb in an area without any 
focal plaque. The software then automatically detected the intima- 
media borders within this region and calculated a mean CIMT. 
Both carotids were measured in this manner and each side was 
measured twice. A mean CIMT thickness was then calculated 
from the four measures, as previously described [28]. 

Ankle brachial pressure index 

The resting pressure was taken after the patient had been supine 
for 10 minutes to ensure a true resting pressure. A sphygmoma- 
nometer cuff was placed around each arm in turn and each leg in 
turn. Arm: A continuous wave (GW) pencil probe Doppler is 
placed over the brachial artery in the cubital fossa. Once the signal 
is heard the cuff is inflated to occlude the brachial artery. It is then 
slowly released and the pressure at which the signal returns is 
recorded. This is repeated for the other arm. Legs: The cuff is 
place around each leg, just above the level of the malleolus. Both 
the Posterior Tibial Artery (PTA) and Dorsalis Pedis (DP) are 
insonated with the CW probe. The cuff and systolic measurements 
are recorded in the same manner as the brachial arteries. 

The ABPI was calculated as: 

ABPI = 

Ankle pressure(PT or DP)/Highest brachial pressure(right or Left). 



Both the American Heart Association method of using the 
highest of the two ankle pressures [29], and a modified technique 
of using the lowest ankle pressure were used [12,30]. 



Exercise treadmill test 

The patient is subsequently exercised on the treadmill at a speed 
of 4 Kph and a gradient of 10% for one minute. After this they 
return immediately to the examination couch and the highest 
ankle pressure on each side together with the arm with the highest 
resting brachial pressure is re assessed. A post exercise ABPI is 
recorded. The lowest of the right and left post-exercise ABPI was 
used for analysis. 

Statistical analysis 

All statistical analyses were performed with IBM SPSS Statistics 
for Windows, version 21.0 (IBM Corp., Armonk, NY, USA). 
Normality of continuous variables was tested with the Kolmo- 
gorov-Smirnov test. Where a variable failed normality testing, a 
standard transformation of the variable was performed using a 
quadratic, reciprocal or logarithmic transformation as appropriate. 
Data are presented as frequencies or percentages for categorical 
variables, as means ± SD for normally cUstributed continuous 
variables, and as median with interquartile range (IQR; 25-75* 
percentile) for skewed variables. Correlations were performed 
between WB-SAS, CIMT, ABPI and population demographic 
metrics using the Pearson product-moment correlation coefficient. 
Univariate linear regression analysis was performed between the 
whole body atheroma score and each of the demographic variables 
and CIMT and ABPI. All variables with a p<0.3 were entered 
into a multiple linear regression with the Standardised Atheroma 
Score as the dependant variable and the remainder as indepen- 
dent variables. A p-value of <0.05 was considered significant. 

Results 

Demographic data 

Fifty consecutive patients were recruited to the study. Four 
patients were excluded due to inability to complete the MRI 
examination due to claustrophobia, leaving 46 participants in the 
final analysis. Of these, 65% (n= 30) were male and 35% (n= 16) 
females, with a mean age of 64.9± 10 years. 41 participants were 
smokers or ex smokers with a 35 (IQR 20-50) pack year history. A 
summary of demographic data is provided in Table 2. 

In terms of symptomatic peripheral arterial disease severity, 2 
patients were Fontaine 1, 2 were Fontaine Ila, 35 were Fontaine 
lib, 5 were Fontaine III and 2 were Fontaine IV. A significant 
proportion of patients were on medications for risk factor 
modification (see Table 2). 
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Table 2. Demographic data of the study population. 




Characteristic 


Study cohort (n = 46) 


Age (yrs) 


64.9±10 


Sex 


30 male; 16 female 


Systolic BP (mmHg) 


146±17 


Diastolic BP (mmHg) 


78±12 


BIVll(kg/m^) 


27.7 (IQR 25-30) 


Smoking 


35 (IQR 20-50) 


Diabetes (n) 


12 


IHD (n) 18 


Previous CVA (n) 


10 


Medications 


Antiplatelet 


37 (80) 


Statin 


35 (76) 


Antihypertensive agents: 


33 (72) 


1 12 


2 


13 


=:3 8 


Anti-claudicant 


2 (4) 


Anti-anginal 


7 (15) 


doi:l 0.1 371 /journal.pone.00991 90.t002 



WB-MRA 

Forty-six of the fifty participants were able to complete the 
study. Thus there were a potential 1,426 segments for analysis. Of 
the 1,426 possible segments, 1395 (98%) were of sufficient quality 
for analysis. Of the 1,395 analysed segments, 628 were normal 
(45%), 346 had <50% stenosis (25%), 160 had 50-70% stenosis 
(12%), 169 had >70% stenosis (12%), and 77 were occluded (6%). 
Total atheroma burden was high, with a mean WB-SAS of 
39.48± 10.96. 

WB-SAS increased as the clinical severity of the disease 
increased (see Table 3) apart from in the most severely 
symptomatic group. 

CIMT 

It was not possible to obtain technically adequate images in six 
of the fifty patients leaving 44 for analysis. The mean common 
CIMTs were raised bilateraUy. The CIMT was 0.98 mm (IQR 
0.7-1.25) on the right and 1.02 mm (IQR 0.66-1.38) on the left. 
Right and left cIMT correlated highly with one another 
(correlation co-efficient 0.57; p<0.001). Mean CIMT was 



1.00 mm (IQR 0.72-1.27). In a sub cohort of 15 individuals 
scanned on two different days by the same operator, the coefficient 
of variation of the mean CIMT was 5 % . 

Ankle Brachial Pressure Index 

The ABPI in the observed population was low. Using the AHA 
technique, the highest ABPI was 0.87±0.33, whUe the alternate 
ABPI measurement using the lower of the two ankle resulted in a 
median ABPI of 0.79 (IQR 0.48-1.1). On exercising the ABPI 
further fell to 0.52 (IQR 0.19-0.85). Table 3 documents the ABPI 
according to clinical severity as measured by the Fontaine 
classification. 

Correlation with WBAS 

Common CIMT showed correlation ((3 0.32 p = 0.045) with the 
whole body atheroma score on the univariate analysis. When this 
was looked at on a regional basis, CIMT only correlated with the 
thoracic and neck station (P 0.42 p = 0.011) with no correlation 
with any other anatomical region. WBAS correlated highly with 
age but no other demographic factor (Table 4). On multiple linear 
regression adjusting for confounding factors (age, systolic and 
diastolic blood pressure, diabetic status, and statin usage) this 
significance disappeared for both the whole body (P 0.13 p = 0.45) 
with a non-significant trend towards association with the thoracic 
atheroma burden (P 0.33 p = 0.07). (See table 5) 

ABPI significantly correlated with the whole body SAS. The 
AHA method of using the higher ankle pressure correlated better 
with the whole body SAS (P -0.39 p = 0.012) than using the lower 
ankle pressure (P —0.34 p = 0.03). This improved correlation 
continued when assessing the regional distribution, and strength- 
ened on the multivariate analysis (P —0.45 p = 0.005 for highest 
ABPI, vs. P -0.31 p = 0.05 for the lowest ABPI). ABPI only 
correlated with the ilio-femoral vessels on regional analysis, with 
no correlation with any other anatomical region. Post exercise 
ABPI also showed significant correlation with the WBAS (P —0.48 
p = 0.003) on univariate analysis, however on multivariate analysis 
this became insignificant (P —0.17 p = 0.17). 

Discussion 

In our study we found a significant correlation between CIMT 
and whole body atheroma burden, however this was entirely 
reliant on atheroma burden within the local vessels, and this link 
was lost when common confounding factors were accounted for, 
ABPI correlated with the whole body atheroma burden, but this 
was mediated by a strong correlation with the iliofemoral vessels 
with no correlation seen with distal anatomical regions. Unlike 
CIMT, this correlation persisted on multivariable linear regres- 
sion. 



Table 3. Comparison of whole body standardised atheroma score (WB-SAS) and ankle-brachial pressure Index (ABPI) by Fontaine 
Score. 





Fontaine Score 


WB-SAS 


ABPI resting 


ABPI exercise 


1 


11.5±3.7 


1.38±0.63 


1.08 (0.33-1.16) 


lla 


21.4±5.1 


1.04±0.01 


0.46 (0.34-0.57) 


lib 


26.8±10 


0.81 ±0.27 


0.27 (0.08-0.68) 


III 


38.3 ±12.7 


0.85 ±0.22 


0.26 (0.19-0.33) 


IV 


19.8±2.9 


1.08±0.4 


0.77 (0.53-1) 



WB-SAS and ABPI rest is given as mean ± SD. ABPI exercise is given as median (IQR). 
doi:l 0.1 371/journal.pone.00991 90.t003 
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Table 4. Univariate linear regression analysis of variables 
against whole body atheroma score. 



Variable 


B-coefficient 


p-value 




0 51 


^U.UUU 1 


sr 


0 15 


0 31 


Systolic blood pressure 


0.19 


0.22 


Diastolic blood pressure 


-0.31 


0.04 


Diabetes 


0.18 


0.24 


Statin therapy 


0.19 


0.24 


BIVII 


0.07 


0.96 


Smoking status 


0.05 


0.77 


CIMT 


0.32 


0.045 


ABPI - rest 


-0.34 


0.03 


ABPI - exercise 


-0.48 


0.003 



doi:1 0.1 371/journal.pone.00991 90.t004 



The lack of evidence of correlation between common CIMT 
and global atherosclerotic burden seen in our study suggests that 
intima media thickening may not correlate with luminal stenosis 
secondary to plaque formation. Given that this is the key feature of 
the pathophysiological process of atherosclerotic disease that 
guides treatment and risk stratification of coronary artery disease, 
cerebrovascular disease and peripheral arterial disease this lack of 
correlation may explain the lack of additional benefit to traditional 
scoring methods [9]. This correlates well with a recent study 
showing atherosclerotic burden as measured by WB-MRA to 
correlate with future major adverse cardiovascular events (MACE) 
in an elderly patient population (aged 70 years), with no 
correlation seen between CIMT and MACE [18]. In this study 
by Lundberg et al. addition of CIMT to the WB-MRA atheroma 
score improved prediction, suggesting that while CIMT is not 
indicative of body wide atheroma burden, it may still provide 
additional useful data about the underlying health of the arteries 
and as a marker of disease. The correlation with the thoracic 
atheroma burden in our study may explain the previous 
observation that CIMT better predicts strokes than it does 
coronary heart disease [31,32]. Previous studies have shown both 
CIMT and WB-MRA to correlate with cardiovascular risk factors, 
major adverse cardiovascular events and arterial stiffness but not 
endothelial function, itself a risk factor for cardiovascular disease 



[33], thus suggesting they all represent different stages and 
processes in the multifaceted disorder that is atherosclerosis 
[20,34,35]. Thus CIMT may provide information on local arterial 
remodelling but not plaque formation, which may account for the 
observed improved risk stratification when added to the WBAS. 

WB-MRA has been shown to accurately delineate the site and 
severity of peripheral arterial disease and in the current study, 
ABPI correlated highly with both the whole body and Hio-femoral 
regional atheroma score [36] . Use of the higher ABPI provided 
greater prediction of the atheroma burden than use of the lower 
ABPI. While previous studies have suggested the use of the lower 
threshold due to increased sensitivity for high risk patients [12,30], 
our results suggest this method over diagnoses the extent of 
atherosclerosis. This is in support of the current recommendations 
from the AHA, which advise that use of the lower value leads to 
reduced specificity and lower risk prediction by decreasing the 
threshold for diagnosis of significant atherosclerotic disease [29] . 
The correlation observed in our population between ABPI and 
WBAS is in keeping with that observed by Lehrke et al. in patients 
with coronary artery disease but without peripheral arterial disease 
[17]. 

The correlation of CIMT and ABPI with local stenotic disease 
but not with disease in other areas of the body suggests a 
complimentary role for these two techniques in the assessment of 
the arterial tree. Indeed the Rotterdam study showed improve- 
ment in the risk stratification from the combination of these 
techniques [37]. Further work is required to assess the compli- 
mentary or exclusive role of WB-MRA with CIMT and ABPI in 
risk stratification and prediction. 

Limitations of the study include the patient selection, which 
examined patients with symptomatic peripheral vascular disease, a 
group at a very advanced stage of the cardiovascular disease 
spectrum. Further work is thus warranted to look at the ability of 
CIMT and ABPI to predict atheroma burden in a healthier 
population. The population was predominandy Fontaine type lib 
patients, which is not surprising as these are the patients most 
likely to be considered for intervention, and therefore for vascular 
imaging, however this group may have skewed results. 78% of the 
participants were on statin therapy. Some studies have shown 
CIMT to improve with statin therapy [3], and that statins have 
been shown to replace the fibrofatty component of plaques with 
calcific plaque without reducing plaque volume [38]. Given that 
plaque volume is the key contributor to the degree of stenosis used 
to calculate the WBAS, this may have confounded the results. 
However, a separate study by groups have found no reduction in 



Table 5. Relationships between standardised atheroma scores by region and common carotid intima media thickness (CIMT) and 
rest ankle-brachial pressure index (ABPI). 





Region 


Unadjusted model 




Adjusted model* 






CIMT 


ABPI 


CIMT 


ABPI 


Whole body 


0.32* 


-0.39* 


0.13 


-0.45* 


Thoracic 


0.42* 


-0.17 


0.33 


-0.45 


Abdomen 


0.27 


-0.30* 


0.2 


-0.47* 


llio-femoral 


0.09 


-0.52* 


0.1 


-0.56* 


Distal run-off 


0.06 


-0.13 


0.19 


-0.62 



The ABPI values used for this analysis are the higher of the two lower limb measurements. 

* Adjusted model accounts for all factors with a p>0.3 in the univariate analysis. Thus the model was adjusted for age, systolic and diastolic blood pressure, presence of 

diabetes and prescription of statins. Results expressed as (3 co-efficient. 

*p<0.05. 

doi:1 0.1 371 /journal.pone.00991 90.t005 
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CIMT with statin therapy [10], and a study using MRI volumetric 
plaque analysis showed statins to reduce plaque volume in the 
carotid arteries despite no change in the CIMT [39]. Thus the 
impact of statin therapy on the current results is uncertain. 

In the current study we used common CIMT as this is the most 
established tcchnirjue for assessing IMT, however the internal 
CIMT and carotid plaque dimensions on ultrasound have both 
been suggested as more discerning alternatives to common CIMT 
[40,41]. 

Additionally WB-MRA does not assess the coronary vessels. 
Coronary MRA is still someway off routine clinical practice 
although this is a promising area with several studies showing 
accurate assessment of the proximal vessels and integration of this 
in the future is a possibiUty [42]. 
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